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902 904 906 
/ / / 

Input Field Sequence Field-4M1: tonmtion 
{X Observed 3:2 Phase 0" 

I! 

n: 0123456789012345L. ‘---o----o----o--._ n1: 0 1 2 3 4 5 s 
m; ubBbCeDdDe!£!EGq_ m (10.11) 1:2,:3) (25.26) (14.18) (110,111) (12,113) (115.16) 
Note: no splice point PF: 1 1 1 

an: 0 1 o 1 o 1 u 

n: 0123456739- -->-o--o--_. m: o 
In: msbcccndm m (20.111) (112.113) (x5.xs)(xs.x9) 

PF: 1 
an; 0 1 1 0 

n: 01234567sso_ _-__°__.°_1_ m, 0 

m1» nbBbCdDdEe“. _ in (20,14) (1:2,:3) (X6.I7l (19.1w) 

:m: nbBbCdDdEe. "1 1 
an: 0 1 1 1 

n: 012345678901... ----uA--~o--_ n1: 0 

Kn: aAbBbCcDdDeEc. m; (10,111) (x2,x3) (115.16! (x1.xe) (10.11] 
In: MhBhCdEeEfP“. PF: 1 * 

Xn: eAbBbCcDdDeE_ up: 0 1 0 1 0 

11: 0123456789012... —~—l1‘——<—0--~ m: 0 1 2 3 4 
Xn: eAbBbCdDeEeFf... m (20,:1) (1:2,:3) (16,171 (18,119) (x1,x2| 
In: ubBbCdDeEeFf... PF: 1 1 O 1 1 
In: ubBbCcDeEeFi... nee: 0 1 1 1 o 
In: aAbBbCcDeEeFL. 

n: 01234567390123.. —---0 ~~~~ "o—‘_.. m: o 

m: uabBbCcDdEeEfP- 111 (110.111) (x2.x3) (115.116) (time) (119.10) (12.13) 
In: uAhBbCdEeFfFgG... PF: 1 * * 

In: ubBbCCDdEeEfP... RFF: l) 1 O O 1 (l 
in: aAbBbCcDeFEFgG-. 
x11; aAbBbCeDdEe-BflL, 

n: O12345678901234“. ----u ----- --o--_ m o 

m; uAbBbCdDeE?FfGg... m (xo,x1) 1:2.13) (115.16) (xs,x9) (x0.x1) (1:314) 
in: AAhBbCcDeEfFEGQM PF: 1 1 * 1 
111:’ nbBbCCDEEfFfGQ... RFF : 0 1 O 1 1 0 
Km uAhBbCcDdE?TGgm 

n: 0123456789012345... ~---o ------ --n--,. m 0 

Zn: nAbBbCcDdEeFfFgG_ m. (xo,x1) (x2,x3) (115,16) (ILIS) (119,10) (21.12) (14,115) 
In: aAbBbCtDEFfGQGhH~ PF: 1 1 
an: aAbBbCcDdEeF EFgG... Rey. 11 1 o o 0 1 o 

n: 01234567890123456- m; o 1 2 3 4 ‘ 

Zn: unbabccneszrgsgm rm: (xo,x1) (x2.x3) (16.16) (117.118) (x0,x1) (XLBI (1:516) 
Xn: nAhBbCcDdFgGhHhIi." PF: 1 * * 

are: n 1 u o 1 1 o 

n: 01.236678901234567" w~~~n -------- ~—0~~.. m: 0 

x": mabccoanegr-mnu- m: (10,:1)(x2.x3)(xs.xa)(x7,1s)(x9.x0l (x1,z2)(n,x4) (26.17) 
pp; 1 1 1 1 1 1 1 1 

are: 0 1 0 0 0 u 1 0 

Key 

Szmbol Meaning 
x" lnput ?eld sequence with ?eld index n. 
Y“ . Output ?eld-pair sequence with ?eld-pair index m. 
lxj'xk) A ?eld pair consisting of ?eld Xj and Xk. 
PP The pmgrerxl'vcjmme ?ag 
R" The regent flrsl?ld ?ai 
’ Use the frame difference (Du, ,,.,) to set the progglxsivelrame ?ag to 1 if the frame difference is small. 
0 A lelecine phase of zero. 
‘ A non-zero lclecine phase. 

“*5” First ?eld sequence. Lower case and upper case letters of the same letter correspond to even and odd ?elds of a 
sigle ?lm frame. 

9691"‘ Second ?eld sequence. Lower case and upper case letters of the same letter correspond to even and odd ?elds of a 
single ?lm frame. 

FIG. 9 20 
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METHOD FOR VIDEO FORMAT 
DETECTION 

BACKGROUND 

The invention relates generally to the ?eld of data pro 
cessing. More speci?cally, the invention relates to a method 
for detecting the format of video data and processing the 
video data based on the detected format. 

Various formats exist for television data. Much of the 
National Television System Committee (NTSC) formatted 
content broadcast on terrestrial or cable television is entirely 
or partially shot on ?lm (movies, sitcoms, music videos, 
commercials, etc.) and then later converted to NTSC video 
format by 3:2 pulldoWn. 3:2 pulldoWn is the process by 
Which 24 frames/sec ?lm content is converted into 59.94 
?elds/sec video. As used herein, “3:2 content,” “3:2 pull 
doWn clips,” “3:2 sequences,” and “telecine sequences” 
indicate video data that Was generated from ?lm using the 
3:2 pulldoWn process. “Standard video” Will be used to 
indicate video data that did not originate from ?lm. 
When converting from ?lm to video using the 3:2 pull 

doWn process, tWo ?lm frames, 102 and 104, generate ?ve 
interlaced video ?elds, 106, 108, 110, 112 and 114, as 
depicted in FIG. 1. In addition, the ?lm speed is sloWed 
doWn by 0.1% to 23.976 (24/1.001) in order to account for 
the fact that NTSC video runs at 29.97 frames/sec. The 
process of converting from 3:2 content back to ?lm is called 
inverse 3:2 pulldoWn (also knoWn as inverse telecine). 

The tWo primary applications of inverse 3:2 pulldoWn are 
display and compression. In terms of display, inverse 3:2 
pulldoWn facilitates the optimal display of ?lm content on a 
progressive monitor (such as a large-screen rear-projection 
system, a liquid crystal display, or a ?at panel plasma 
display) because it alloWs each ?lm frame to be displayed in 
its original progressive form for a uniform and consistent 
duration of 1/24th of a second. In terms of compression, 
inverse 3 :2 pulldoWn results in better compression ef?ciency 
and reduced computational complexity in a video encoder 
because it alloWs telecine content to be encoded at 24 
frames/sec format rather than at 59.94 ?elds/sec. 
Known methods can detect 3:2 content and extract the 

original ?lm frames Where the repeated ?eld pattern is 
uninterrupted and distinct. HoWever, there are several fac 
tors that produce unreliable results in knoWn systems and 
methods for detecting 3:2 content or other video formats. 

For example, knoWn techniques do not reliably distin 
guish betWeen repeated ?elds and non-repeated ?elds When 
the motion of objects is very small (providing little ?eld 
to-?eld positional difference) and/ or the video noise is high. 
Moreover, it is not uncommon that Digital Video Disks 
(DVD’s) and other video sources contain both standard 
video and 3:2 content In such cases, it is di?icult for knoWn 
algorithms to detect the location of standard video/3:2 
content transitions and respond accordingly. In addition, 
With knoWn techniques, standard video that is inverted can 
result in highly objectionable artifacts resulting from Weav 
ing tWo ?elds from different time instants. Moreover, the 
phase of the 3:2 pulldoWn pattern may change When tWo 
different 3:2 pulldoWn clips are spliced together, e.g., at a 
scene transition. Ambiguous situations arise, for example, 
When one 3:2 pulldoWn clip is transitioned to another 3:2 
pulldoWn clip via a fade. This editing can result in the 
superposition of tWo 3:2 patterns With different phases, 
Which cannot be unambiguously inverted using knoWn 
methods. Furthermore, some content providers broadcast 60 
?elds/ sec video that has been generated using a non-standard 
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2 
3:2 pulldoWn approach. One example of such a process is 
varispeed, Which alters the run time of a program. Simply 
repeating ?lm frames Would cause stutter, so, instead, the 3 :2 
pattern is modi?ed to ensure a smooth temporal rate. Known 
detection methods are ill-suited to detect such non-standard 
video formats. 

Therefore, a need exists for a system and method that can 
produce more reliable detection of video format Where, for 
example, the source video is noisy, or Where the video data 
pattern is interrupted by the use of splices or transitions, or 
Where the video is otherWise altered by a content provider. 

SUMMARY OF THE INVENTION 

The invention provides methods and code for better 
detecting 3:2 content or other video formats. In one respect, 
embodiments of the invention improve the Way in Which 
?elds of video data are compared to each other. In another 
respect, embodiments of the invention provide pattern 
matching techniques and code for processing the ?eld dif 
ference data that results When video data is compared. In yet 
another respect, embodiments of the invention facilitate the 
formation of ?eld pairs required by the inverse telecine 
process. 
The features and advantages of the invention Will become 

apparent from the folloWing draWings and detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention are described With refer 
ence to the folloWing draWings, Wherein: 

FIG. 1 is an illustration of 3:2 pulldoWn, according to the 
related art; 

FIG. 2 is a block diagram of a video format detection 
algorithm, according to one embodiment of the invention; 

FIG. 3 is a block diagram of a ?eld difference vector 
formation algorithm, according to one embodiment of the 
invention; 

FIG. 4 is a block diagram of a ?eld difference engine 
algorithm, according to one embodiment of the invention; 

FIG. 5 is a block diagram of a ?eld-difference pattern 
matching algorithm, according to one embodiment of the 
invention; 

FIG. 6 is a block diagram of a correlation engine, accord 
ing to one embodiment of the invention; 

FIG. 7 is a block diagram of ?lm con?dence calculation, 
according to one embodiment of the invention; 

FIG. 8 is a process How diagram for a ?rst stage of 3:2 
content/ standard video decision, according to one embodi 
ment of the invention; 

FIG. 9 is an illustration of possible telecine phases and 
?eld pair formations, according to one embodiment of the 
invention; 

FIG. 10 is a block diagram of an algorithm for ?eld pair 
formation, according to one embodiment of the invention; 
and 

FIG. 11 is an illustration of pseudo-code description of 
?eld-pair formation, according to one embodiment of the 
invention. 

DETAILED DESCRIPTION 

This section describes stages of an inverse telecine pro 
cess: ?eld-difference vector formation, pattern matching, 
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and tWo alternative stages for ?eld-pair formation. A top 
level block diagram of the overall process is shoWn in FIG. 
2. 

Input ?elds Gin) are ?elds of a video data stream. Output 
?eld pairs (Ym) are ?elds of a video signal that have been 
paired for the purpose of producing ?lm frames as part of an 
inverse telecine process. The process depicted in FIG. 2 
advantageously discriminates betWeen 3:2 content and stan 
dard video. 

Field-difference vector formation 202 is used to identify 
repeated ?elds in the video data stream, such as ?lm frame 
0 (even ?eld), ?lm frame 2 (even ?eld), and ?eld frame 4 
(even ?eld) in FIG. 1. The output can be expressed as a 
vector d”. Pattern matching step 204 is a technique for 
comparing a sequence of ?eld differences to knoWn data 
formats. The output of the pattern matching step 204 is state 
variable, C”, and a phase estimate, 6”. C” is used in condi 
tional step 206 to determine Whether the video data is 3:2 
content. 6” describes the phase of 3:2 content. 

If it is determined in conditional step 206 that the input is 
3:2 content, then the process advances to ?eld pair formation 
step 208 to pair output ?elds related to frames of ?lm. For 
example, With reference to FIG. 1, video ?elds 112 and 114 
might be paired. In addition, ?eld pair formation step 208 
sets a progressive frame ?ag and a repeat ?rst ?eld ?ag. The 
progressive frame ?ag indicates a pair of output ?elds to be 
used in generating a frame of ?lm. The repeat ?rst ?eld ?ag 
indicates a ?eld pair having a repeated ?rst ?eld. For 
instance, With reference to FIG. 1, the repeat ?rst ?eld ?ag 
Would be set for the ?eld pair consisting of ?elds 106 and 
108 to indicate that there Was a repeated ?rst ?eld 110 in the 
3:2 content. 

If it is determined in conditional step 206 that the input is 
standard video, then the process advances to step 210 for the 
output of video ?eld pairs. In this instance, the progressive 
frame ?ag and the repeat ?rst ?eld ?ag are set to Zero, since 
they are only applicable to 3:2 content. 

Each of the steps depicted in FIG. 2 and described beloW 
may be used separately, or combined With the other steps 
described herein. Process steps may also be combined With 
other format detection algorithms. Moreover, the techniques 
described used herein are applicable to processing opera 
tions other than inverse telecine processing. 

The sub-headings used beloW are for organizational con 
venience, and are not meant to limit the disclosure of any 
particular feature to any particular portion of this speci?ca 
tion. 

Field-Difference Vector Formation (Step 202) 
This section describes the formation of a ?eld-difference 

vector sequence, {dn}, Which is formed from an input ?eld 
sequence The purpose of the ?eld difference sequence 
{dn} is to identify repeated ?elds in 3:2 content. As shoWn 
in FIG. 3, the ?eld difference sequence {dn} may be obtained 
by executing ?eld difference step 302, vector formation step 
304, clamping step 306 and normalization step 308 in series. 
A more detailed description of each is provided beloW. 

Field Difference (Step 302) 
The ?eld difference step 302 operates on tWo input ?elds, 

X” and Xn_2, and outputs a ?eld-difference metric, D”, n_2. 
The difference metric D”, n_2 is a single scalar value that 

indicates the “closeness” of the tWo ?elds. The smaller the 
value, the more likely the tWo input ?elds are duplicates. A 
simple sum of absolute pixel-by-pixel differences betWeen 
tWo input ?elds may not suf?ce as a mechanism to distin 
guish repeated and non-repeated ?elds because it cannot 
su?iciently discriminate slight motion (indicating a non 
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4 
repeated ?eld) from noise. An improved ?eld difference 
engine, according to one embodiment of the invention 
shoWn in FIG. 4, addresses this concern. 

First, in optional pre-processing steps 402 and 404, the 
input ?elds are cropped at the left, right, top and bottom to 
avoid edge artifacts. To mitigate the effects of slight motion 
and noise, We ?lter and sub-sample each input ?eld by a 
factor of L in the horiZontal and vertical dimension, Where 
L is a poWer of 2. See steps 406 and 408. This is imple 
mented by treating the input ?eld as a texture and creating 
an L-level mipmap With a simple tWo-tap averaging ?lter 
(although more sophisticated ?ltering is also possible). The 
?nal mipmap level is used to compute the ?eld-difference. 
Filtering and sub-sampling in steps 406 and 408 also reduce 
the number of Central Processing Unit (CPU) cycles 
required to compute the ?eld difference. 

Next, the image is segmented into pixel groups (step not 
shoWn), and pixel-by-pixel differences are determined 
betWeen ?elds X” and Xn_2 in step 410. In one embodiment, 
the pixel groups are blocks having W><H pixels, for example 
32x16 pixels. 

In step 412, the sum of absolute pixel differences (SAD) 
betWeen the tWo ?elds is computed for each group of pixels. 
For sequences With small amounts of motion, only a feW 
groups of pixels may exhibit large ?eld-to-?eld differences. 
Consequently, in one embodiment, the pixel group scores 
are selected in step 414, and only the scores of the top ranked 
groups of pixels, e.g., the top 10%, are combined and used 
to compute the ?eld difference metric, D”, n_2, in step 416. 
Optimum pixel group siZe and pixel group selection rules 

can be determined empirically. By selecting and using a 
small subset of the pixel groups, the algorithm can more 
easily distinguish slight motion from noise. In another 
embodiment, each of the pixel group scores may be com 
pared to a predetermined threshold value to sort the pixel 
group scores. In yet another alternative embodiment, all 
pixel group scores are used. 

Thus, by calculating ?eld difference using blocks or other 
pixel groups, ?eld differences can be detected, even Where, 
for example, most of the background is unchanged. 

Field Difference Vector Processing (Steps 302, 304, 306, and 
308) 

Since the spacing betWeen repeated ?elds for 3:2 telecine 
content is 2, the expectation is that (relatively speaking), 
Dn,n_2 Will be small for repeated ?elds and large otherWise. 
Accordingly, We construct a repeat-?eld-dilference 

sequence, d”, Where dn:Dn,n_2. 
As an intermediate step 304, We form a corresponding 

vector sequence of length M difference vectors, given by 
d"n:[dn, dn_l, . . . dn_M+l]T. Next We construct the vector 
sequence d'n in step 306 by clamping the outlier ?eld 
differences in the vector d"n. More speci?cally, de?ne d*n as 
the Nth largest element of d"n. Then, We construct d'n 
according to: 

Finally, in step 308, We scale these vectors to Zero-mean 
and unit variance, resulting in the normaliZed vector 
sequence, d”, Which is computed according to: 
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In vector notation, the mean and standard deviation of a 
vector, v, are de?ned as uflTv and ov2:(v—1~p.v)T(v—1~p.v), 
respectively, Where 1:[1, 1, . . . 1]T. 

Pattern Matching (Step 204) 
The goal of the pattern matching step 204 is to make an 

accurate 3:2 content/ standard video decision, C”, and a 
phase estimate, 6”, Which describes a position Within a 
knoWn pattern. In one embodiment of step 204, basis vectors 
are used to describe knoWn patterns of 3:2 content and 
standard video formats. 
Many existing inverse 3:2 techniques limit their observa 

tions to one or tWo ?eld differences When detecting 3:2 
content. Often, the repeat ?eld decision is based on a simple 
threshold of the ?eld difference, Which is very susceptible to 
noise. For this type of approach, it is dif?cult to strike a 
balance betWeen responding quickly to 3:2 content/ standard 
video transitions and inadvertently responding When no 
transition really exists due to noisy measurements. As a 
result, clumsy heuristics are often required to prevent an 
algorithm from incorrectly sWitching back and forth 
betWeen standard video and 3:2 content. 

In contrast With existing techniques, embodiments of 
pattern matching step 204 observe a large history of ?eld 
differences over a given WindoW of the repeat-?eld-dilfer 
ence sequence, {dn}. Considering a large number of ?eld 
differences simultaneously mitigates the effects of noise and 
affords a larger context for the algorithm to operate. In 
addition, by introducing a small delay, the algorithm can 
look into the past as Well as the future When making the 3:2 
content/standard video decision and determining the 3:2 
phase. Moreover, by considering all possible translations of 
the WindoW Within the sequence of ?eld differences, the 
algorithm can often pin point the location of 3:2 content/3:2 
content or standard video/3:2 content transitions more pre 
cisely. 

The embodiment of step 204 illustrated in FIG. 5 includes 
a correlation step 502, a step for handling splice points 504, 
a ?rst decision step 506, and a second decision step 508, all 
coupled in series. Steps 502, 504, 506 and 508 may be used 
separately or in combination, and are described further 
beloW. 

OvervieW of Correlation (Step 502) 
In an embodiment of correlation step 502 illustrated in 

FIG. 6, the normaliZed ?eld difference sequence, d”, is fed 
into a bank of K correlators for ?lm 602 and video 604, 
resulting in K output sequences given by {ROW R1,”, . . . , 
RK_ l ,n}. Mathematically, We compute the output, Rkm, of the 
?eld difference sequence With correlator k by taking an inner 
product of vector d” With the basis vector, bk, according to 

Recall the Cauchy-SchWarZ Inequality, Which states 
<x,y> é By normalizing both the ?eld difference and 
basis vectors, i.e., |\dn|\:|\bk|\:1.0, We can constrain the cor 
relation output range such that Rkmé 1.0. The goal of nor 
maliZation is to keep Rkm invariant to changes in the relative 
quantity and siZe of motion in the input video ?elds. 

Basis Vector Construction 
The K basis vectors, {bo, bl, . . .bK_l}, correspond to each 

of the correlators 602 and 604 and are constructed to be of 
Zero-mean and unit standard deviation. In one embodiment, 
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6 
the basis vector length, M, is assumed to be a multiple of 5, 
corresponding to the ?eld difference period of telecine 
content. 

The ?rst ?ve of these basis vectors, {bo, b1, . . . , b4}, 
represent the “idealized” repeat ?eld patterns for the ?ve 
possible phases of 3:2 content, and the remaining K-5 
vectors, {b5, b6, . . . , bK_l}, represent the repeat ?eld 
patterns for standard video. 

In both cases, the normaliZed basis vectors are derived 
from the vectors, {b'o, b'l, . . . , b'K_l}, Whose elements are 
restricted to the values 0.0 or 1.0. The normaliZed basis 
vectors, {bo, bl, . . . , bK_l}, are computed by scaling the 
vectors, {b'o, b'l, . . . , b'K_l}, to Zero mean and unit variance, 
according to: 

For 3:2 content, the ?ve un-normaliZed basis vectors {b'o, 
b'l, . . . , b'4} are constructed by considering the ?ve possible 
phases of telecine content and assigning 0.0 to the locations 
for each repeat ?eld, and 1.0 otherWise. For example, for 
M:10, the un-normaliZed vectors {b'o, b'l, . . . , b'4} are 
given by: 

b'O:[0,1,1,1,1,0,1,1,1,1]T 
b'l:[1,0,1,1,1,1,0,1,1,1]T 
b'2:[1,1,0,1,1,1,1,0,1,1]T 
b'3:[1,1,1,O,1,1,1,1,0,1]T 
b'4:[1,1,1,1,0,1,1,1,1,0]T 

For standard video, the un-normaliZed video basis vec 
tors, {b'5, b'6, . . . , b'K_l}; are constructed by considering a 
subset (or potentially all) of the remaining, non-Zero com 
binations of 0.0 and 1.0. For example, if M:10, We have 
K:A2M—1:1023 possible non-Zero combinations of 0.0 and 
1.0, resulting in un-normaliZed vectors given by {b'5, 

Basis Vector Correlation (Step 502) 
To determine Whether the input ?elds are 3:2 content or 

standard video, We generate 3:2 content and standard video 
con?dence metrics by selecting the maximum outputs from 
the respective banks of ?lm and video correlators according 
to: 

and 

These values are simply the correlation outputs for the 
best 3:2 content and standard video basis vector matches, 
and in a sense, can be vieWed as likelihood measures for 3:2 
content and standard video. We similarly record the index 
for the best 3:2 content basis vector (corresponding to 
R'?lmm) according to: 
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Which can be vieWed as a ?rst-pass estimate of the 3:2 phase 
for 3:2 content. 

Accordingly, by expanding the WindoW of consideration, 
and by comparing the ?eld di?‘erence sequence to 3:2 
content basis vectors and/or standard video basis vectors, a 
more reliable prediction can be made for identifying the 
format of the source video data. 

Handling Splice Points (Step 504) 
A good match With a 3:2 content basis vector requires an 

uninterrupted history of telecine content over the duration of 
the ?eld-di?‘erence vector WindoW. Edit or splice points 
betWeen tWo telecine sequences may violate this require 
ment if the 3:2 content/3:2 content transition disrupts the 
normal 3:2 pattern. Across such a splice point, a good match 
With one of the 3:2 content basis vectors is not possible since 
the transition causes a discontinuity in the expected repeat 
?eld di?‘erence pattern. 

To remedy the problem of detecting 3:2 across a splice 
point, according to one embodiment of the step for handling 
splice points 504 detailed in FIG. 7, We calculate an 
improved 3:2 content con?dence metric, R?lman, by ?nding 
the best basis vector match over a sliding WindoW of length 
M according to: 

This approach guarantees at least one good basis vector 
match if splice points are separated by at least M ?elds. The 
index corresponding to the best translation given by: 

can be used to improve the 3:2 phase estimate by using the 
original phase estimate corresponding to R?lmm and adjust 
ing it by the delay, m*n, according to: 

Note that the search over a sliding WindoW of siZe M 
introduces a delay of M ?elds to the overall inverse 3:2 
processing. 

For standard video, there is no need to search over all 
possible sliding WindoWs, so instead We de?ne RW-deo’n by 
selecting the best basis vector match using a WindoW cen 
tered at time n, i.e., 

Thus, pattern matching against a set of possible splice 
vectors signi?cantly improves the ability of algorithms to 
detect splice edits in the source video. As illustrated above, 
the phase index can also be determined With this technique. 

1“ and 2'” Decision (Steps 506 and 508) 
To determine Whether the input ?elds belong to ?lm or 

video content, the inverse 3:2 algorithm applies a variety of 
heuristics to the relative and absolute magnitudes of the 
phase con?dences, R?lman and Rvideom, the consistency of the 
phase estimates, 6”, the presence of dropped frames, and 
past mode decisions. In the embodiment illustrated in FIG. 
5, these inputs are fed into a tWo-pass algorithm Whose 
output is a 3:2 content/standard video decision, delineated 
by C”, that takes on one of three values: 3:2 content (FILM); 
3:2 content in transition (FILM IN TRANSITION); and, 
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8 
standard video (VIDEO). The output C”, along With the ?lm 
phase estimate 6”, determine hoW the input ?elds are pro 
cessed into output ?elds or frames (as described below). 

1“ Decision (Step 506) 
The l“ decision step 506 uses phase con?dences, R?lmm 

and Rvl-deom, to make an initial 3:2 content/standard video 
determination delineated by C”. A How chart describing the 
logic for this stage, according to one embodiment of step 
506 is shoWn in FIG. 8. 
As shoWn therein, the process begins in step 802 by 

processing the ?rst input ?eld in temporal order and initial 
iZing a counter, ?lmCnt, to Zero. The counter ?lmCnt 
increments by one in step 810 for each successive ?eld of 
3:2 pulldoWn encountered and is reset to Zero in step 818 
Whenever a ?eld is determined to be standard video. 

For each input ?eld indexed by n, the 3:2 content and 
standard video phase con?dence, R?lman and Rvideom, respec 
tively, are computed in step 804. If a 3:2 pattern has been 
observed for more than 5 ?elds in step 806, then the ?lm 
con?dence, R?lmm, is simply compared against a threshold in 
step 808 to determine Whether the latest ?eld is still part of 
a 3:2 pulldoWn sequence, or Whether the content has 
reverted to standard video. If a 3:2 pattern has been observed 
for less than 5 ?elds in step 806, then the algorithm requires 
more stringent requirements to be met in steps 814 and 816. 
First, the ?lm con?dence, R?lman, is compared against a 
larger threshold in step 814. If the ?lm con?dence is larger 
than this threshold, the ?lm con?dence is then compared 
against the standard video con?dence, Rvl-deom, in step 816 to 
determine Whether the latest ?eld is still 3:2 content or has 
reverted to standard video. After each ?eld is processed, the 
?eld counter is incremented in step 812 and the next ?eld in 
temporal order is processed. 

2'” Decision (Step 508) 
To better handle 3:2 content/3:2 content and 3:2 content/ 

standard video transitions, one embodiment of the invention 
uses an additional ?ve ?eld delay in the 2'” decision step 508 
so that We can consider future as Well as past ?lm phase 
estimates, dropped frame discontinuities and 3:2 content/ 
standard video decisions, C”, from the 1S’ decision step 506 
described above. The ?ve ?eld delay corresponds to the 
repeated ?eld period of 3:2 content and adds to the M ?eld 
delay already introduced With reference to handling splice 
points above. The output of the 2'” decision step 508 is given 
by C”. 

Before declaring that the current ?eld belongs to 3:2 
content, the 2'” decision step 508 checks the “consistency” 
of the phase estimates and past 3:2 content/standard video 
decisions over a sliding WindoW that includes past and future 
?elds. Speci?cally, We de?ne W” as WindoW of ?eld indices 
given by: 

Where ISWM is the index of the most recently observed 
repeated ?eld and IEMWIS. In other Words, the WindoW starts 
at the last previously detected repeat ?eld (When 6,50) and 
ends ?ve ?elds in the future. For ?eld n, the 3:2 phase 
estimate, 6”, is said to have incremented consistently if 
mod(6n+5—6n_l, 5):0, Which essentially means that the 3:2 
phase estimates are incrementing in the manner consistent 
With 3:2 content. If 1) no dropped frames are detected, 2) all 
the phases are consistent over the WindoW, W”, and 3) 
C'MIFILM for all ?elds in W”, then C” is determined to be 
3:2 content. If a single phase inconsistency or a single 
dropped frame is detected, the decision is 3:2 content in 
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transition, and otherwise the decision is standard video. 
Accordingly, any one or more of pattern matching steps 502, 
504, 506, and 508 may be used to determine in step 206 
whether the input is 3:2 content. 3:2 content and 3:2 content 
in transition are promoted to ?eld pair formation step 208. 
Standard video is promoted to ?eld pair formation step 210. 

Field-Pair Formation for 3:2 Content (Step 208) 
3:2 content and 3:2 content in transition are processed in 

step 208. Step 208 uses the mode decision, C”, and phase 
estimate, 6”, from the output of the pattern matching step 
204 to determine the pairing of the output ?elds and to set 
the repeat_?rst_?eld and progressive_frame ?ags. 
As we mentioned earlier, this process is rather straight 

forward if the 3:2 pulldown pattern is uninterrupted. How 
ever, for splice points, the proper pairing and ?ag selection 
is more challenging. A feature of this stage of the processing 
is that all possible splice points are considered. In one 
embodiment, step 208 is executed in accordance with the 
table illustrated in FIG. 9. 

As shown therein, column 902 shows input ?eld 
sequences {Xn} for each of ten possible phase sequences 
{6n}shown in column 904. Except for the ?rst row, all listed 
input ?eld sequences {Xn} in column 902 represent possible 
splice points between two 3:2 pulldown clips. For each 
possible input ?eld sequence {Xn} shown in column 902, an 
optimal series of output ?eld pairs Ym is provided in column 
906, together with appropriate states for the progressive 
frame ?ag and the repeat ?rst ?eld ?ag. 
One embodiment of ?eld pair formation step 208 identi 

?es an input ?eld sequence {Xn} as one of the possible input 
?eld sequences {Xn} listed in column 902 in order to form 
an appropriate ?eld pair sequence Ym, and in order to set the 
progressive frame ?ags and the repeat ?rst ?eld ?ags accord 
ing to the corresponding solution provided in column 906. 

In the alternative, or in combination, an embodiment of 
?eld pair formation step 208 identi?es an input ?eld 
sequence {Xn} having a phase sequence {6”} illustrated by 
one of the cases shown in column 904 in order to form an 
appropriate ?eld pair sequence Ym and the progressive frame 
?ags and the repeat ?rst ?eld ?ags according to the corre 
sponding solution provided in column 906. 

Field-Pair Formation for Standard Video (Step 210) 
Standard video is processed in step 210. In one embodi 

ment, step 210 is executed in accordance with the process 
depicted in FIG. 10. As shown therein, a ?rst ?eld X” and a 
second ?eld Xn_l are offset to generate X2”+1 and X2”, 
respectively. Thus, for input data of X0, X1, X2, X3, etc., the 
output ?eld pairs would be YO:(XO,Xl), Yl:Q(2,X3),etc. In 
the case of standard video, the progressive frame ?ag and the 
repeat ?rst ?eld ?ag are not applicable and are set to zero. 

Steps 206, 208, and 210 
Any and all of the methods and algorithms described 

above can be implemented via software. The software can be 
programmed in a variety of languages, and stored in a 
variety of formats, for processing by a video preprocessor or 
other processor capable of executing the software. 

FIG. 11 illustrates pseudo code to implement one embodi 
ment of conditional step 206 and ?eld pair formation steps 
208 and 210. As shown therein, C” and 6” are read. If C” 
indicates 3:2 content (FILM) or 3:2 content in transition 
(FILM IN TRANSITION), then 6” is used to output ?eld 
pairs and set the progressive frame ?ag and the repeat ?rst 
?eld ?ag for each ?eld pair. Otherwise, standard video frame 
are paired for output. 
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SUMMARY 

The invention described above thus overcomes the dis 
advantages of known methods by providing improved tech 
niques for determining ?eld differences, and for identifying 
progressive frames and repeated ?elds in video format, 
especially in cases where the source data is noisy, or where 
the data pattern is interrupted or otherwise altered. The 
detection of video format is advantageously improved com 
pared to known methods. 

While this invention has been described in various 
explanatory embodiments, other embodiments and varia 
tions can be effected by a person of ordinary skill in the art 
without departing from the scope of the invention. In par 
ticular, many of the features disclosed herein can be used in 
combination with other methods related to the detection of 
3:2 pulldown or other data formats. 

What is claimed is: 

1. A method for detecting a format of a digital video data 
sequence, comprising: 

producing a normalized ?eld di?ference sequence based 
on a comparison of two ?elds in a sequence of data 
?elds wherein producing the normalized ?eld differ 
ence sequence includes: 

segmenting a ?rst ?eld of digital video data into a ?rst 
plurality of pixel groups; 

segmenting a second ?eld of digital video data into a 
second plurality of pixel groups; 

producing a plurality of pixel group scores based on 
differences between corresponding pixel groups in the 
?rst plurality of pixel groups and the second plurality of 
pixel groups; and 

determining a ?eld di?ference metric between the ?rst 
?eld of digital video data and the second ?eld of digital 
video based on the plurality of pixel group scores; 

comparing the normalized ?eld differences sequence with 
at least one test vector; and 

determining whether the received sequence of data ?elds 
is ?lm mode or video mode based on the comparison of 
the normalized ?eld di?ference sequence with the at 
least one test vector wherein the at least one test vector 
includes a plurality of ?lm basis vectors and a plurality 
of video basis vectors, wherein the plurality of ?lm 
basis vectors have zero assigned to each ?lm basis 
vector location representing a repeat ?eld, and one 
assigned to each ?lm basis vector. 

2. The method of claim 1, wherein the ?rst plurality of 
pixel groups include a ?rst plurality of blocks, the second 
plurality of pixel groups include a second plurality of blocks, 
and the plurality of pixel group scores includes a plurality of 
block scores. 

3. The method of claim 1, wherein determining whether 
the received sequence of data ?elds is ?lm or video further 
includes comparing the normalized ?eld di?ference sequence 
to a plurality of ?lm splice vectors. 

4. The method of claim 3, further comprising determining 
a phase index based on the comparison between the nor 
malized ?eld di?ference sequence and the plurality of ?lm 
splice vectors. 

5. The method of claim 1, further comprising determining 
a phase index based on the comparison of the normalized 
?eld di?ference sequence with the at least one test vector. 
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6. A method for detecting a format of a digital video data 
sequence, comprising: 

producing a normalized ?eld di?‘erence sequence based 
on a comparison of tWo ?elds in a sequence of data 
?elds Wherein producing the normalized ?eld differ 
ence sequence includes: 

segmenting a ?rst ?eld of digital video data into a ?rst 
plurality of pixel groups; 

segmenting a second ?eld of digital video data into a 
second plurality of pixel groups; 

producing a plurality of pixel group scores based on 
differences betWeen corresponding pixel groups in 
the ?rst plurality of pixel groups and the second 
plurality of pixel groups; and 

determining a ?eld di?‘erence metric betWeen the ?rst 
?eld of digital video data and the second ?eld of 
digital video based on the plurality of pixel group 
scores; 

comparing the normalized ?eld differences sequence With 
at least one test vector; and 

determining Whether the received sequence of data 
?elds is ?lm mode or video mode based on the 
comparison of the normalized ?eld di?‘erence 
sequence With the at least one test vector; 

determining a phase index based on the comparison of the 
normalized ?eld di?‘erence sequence With the at least 
one test vector; 

identifying ?eld pairs based on the determination of ?lm 
mode and video mode, and further based on the deter 
mination of phase index; 

setting repeat ?rst ?eld ?ags to selected ?elds in the 
sequence of data ?elds based on the determination of 
?lm mode and the video mode, and further based on the 
determination of phase index; and 

setting progressive frame ?ags to selected ?elds in the 
sequence of data ?elds based on the determination of 
?lm mode and video mode, and further based on the 
determination of phase index. 

7. A method for detecting a format of a digital video data 
sequence, comprising: 

producing a normalized ?eld di?‘erence sequence based 
on a comparison of tWo ?elds in a sequence of data 

?elds; 
comparing the normalized ?eld di?‘erence sequence With 

a plurality of ?lm splice vectors; 
determining Whether the sequence of data ?elds is ?lm 
mode or video mode based on the comparison of the 
normalized ?eld di?‘erence sequence With the plurality 
of ?lm splice vectors; 

determining a phase index based on the comparison 
betWeen the normalized ?eld di?‘erence sequence and 
the plurality of ?lm splice vectors; 

identifying ?eld pairs based on the determination of ?lm 
mode and video mode, and further based on the deter 
mination of phase index; 

setting repeat ?rst ?eld ?ags to selected ?elds in the 
sequence of data ?elds based on the determination of 
?lm mode and video mode, and further bases on the 
determination of phase index; and 

setting progressive frame ?ags to selected ?elds in the 
sequence of data ?elds based on the determination of 
?lm mode and video mode, and further bases on the 
determination of phase index. 
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8. A computer readable medium encoded With a program 

for detecting a format of a digital video data sequence, the 
program performing the steps of: 

producing a normalized ?eld di?‘erence sequence based 
on a comparison of tWo ?elds in a sequence of data 
?elds Wherein producing the normalized ?eld differ 
ence sequence includes: 

segmenting a ?rst ?eld of digital video data into a ?rst 
plurality of pixel groups; 

segmenting a second ?eld of digital video data into a 
second plurality of pixel groups; 

producing a plurality of pixel group scores based on 
differences betWeen corresponding pixel groups in the 
?rst plurality of pixel groups and the second plurality of 
pixel groups; and 

determining a ?eld di?‘erence metric betWeen the ?rst 
?eld of digital video data and the second ?eld of digital 
video based on the plurality of pixel group scores; 

comparing the normalized ?eld differences sequence With 
at least one test vector; and 

determining Whether the received sequence of data ?elds is 
?lm mode or video mode based on the comparison of the 
normalized ?eld di?‘erence sequence With the at least one 
test vector Wherein the at least one test vector includes a 

plurality of ?lm basis vectors and a plurality of video basis 
vectors, Wherein the plurality of ?lm basis vectors have zero 
assigned to each ?lm basis vector location representing a 
repeat ?eld, and one assigned to each ?lm basis vector. 

9. A computer readable medium encoded With a program 
for detecting a format of a digital video data sequence, the 
program performing the steps of: 

producing a normalized ?eld di?‘erence sequence based 
on a comparison of tWo ?elds in a sequence of data 
?elds Wherein producing the normalized ?eld differ 
ence sequence includes: 

segmenting a ?rst ?eld of digital video data into a ?rst 
plurality of pixel groups; 

segmenting a second ?eld of digital video data into a 
second plurality of pixel groups; 

producing a plurality of pixel group scores based on 
differences betWeen corresponding pixel groups in the 
?rst plurality of pixel groups and the second plurality of 
pixel groups; and 

determining a ?eld di?‘erence metric betWeen the ?rst 
?eld of digital video data and the second ?eld of digital 
video based on the plurality of pixel group scores; 

comparing the normalized ?eld differences sequence With at 
least one test vector; and 

determining Whether the received sequence of data ?elds is 
?lm mode or video mode based on the comparison of the 
normalized ?eld di?‘erence sequence With the at least one 
test vector 

determining a phase index based on the comparison of the 
normalized ?eld di?‘erence sequence With the at least 
one test vector; 

identifying ?eld pairs based on the determination of ?lm 
mode and video mode, and further based on the deter 
mination of phase index; 

setting repeat ?rst ?eld ?ags to selected ?elds in the 
sequence of data ?elds based on the determination of 
?lm mode and the video mode, and further based on the 
determination of phase index; and 
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setting progressive frame ?ags to selected ?elds in the 
sequence of data ?elds based on the determination of 
?lm mode and Video mode, and further based on the 
determination of phase index. 

10. A computer readable medium encoded With a program 
for detecting a format of a digital Video data sequence, the 
program performing the steps of: 

producing a normalized ?eld di?‘erence sequence based 
on a comparison of tWo ?elds in a sequence of data 

?elds; 
comparing the normaliZed ?eld di?‘erence sequence With 

a plurality of ?lm splice Vectors; 
determining Whether the sequence of data ?elds is ?lm 
mode or Video mode based on the comparison of the 
normaliZed ?eld di?‘erence sequence With the plurality 
of ?lm splice Vectors; 

15 

14 
determining a phase index based on the comparison 

betWeen the normalized ?eld di?‘erence sequence and 
the plurality of ?lm splice Vectors; 

identifying ?eld pairs based on the determination of ?lm 
mode and Video mode, and further based on the deter 
mination of phase index; 

setting repeat ?rst ?eld ?ags to selected ?elds in the 
sequence of data ?elds based on the determination of 
?lm mode and Video mode, and further bases on the 
determination of phase index; and 

setting progressive frame ?ags to selected ?elds in the 
sequence of data ?elds based on the determination of 
?lm mode and Video mode, and further bases on the 
determination of phase index. 

* * * * * 


